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Abstract
Packs of African wild dogs, Lycaon pictus, were analyzed for coloration patterns and social
aggregation tendencies. Mapped locations determined if the coat patterns followed a geographic
distribution that corresponded to Southern or Eastern phenotypic forms. Social aggregation
tendencies were observed to determine grouping behavior presumably related to individuals’
roles.
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Introduction
General Background
The African Wild Dog (Lycaon pictus) is an IUCN-listed endangered species. According
to the IUCN, they are the second-most endangered carnivore species in Africa and have
disappeared from 25 of 39 countries. Their population is estimated to be approximately 6,600
adults, of which only 1,400 are mature adults (Woodroffe & Sillero-Zubiri, 2012). Much of their
population decline is attributed to habitat fragmentation, human-wildlife conflict, and infectious
diseases. African lions (Panthera leo) and spotted hyenas (Crocuta crocuta) are fierce
competitors for prey and can also kill wild dogs, making it difficult to keep population numbers
high (Darnell, Graf, Somers, Slotow, & Gunther, 2014). The majority of the population now
occurs in southern Africa, specifically northern Botswana, western Zimbabwe, eastern Namibia,
and western Zambia (Woodroffe, McNutt, & Mills, 2004). According to the Canid Specialist
Group, wild dogs are not listed on CITES and there are “virtually no conservation measures
implemented specifically for wild dogs”. Instead, populations reside in protected reserves, but
conservation measures are needed to create a connection between the habitats of the wild dogs as
part of a larger habitable network (Woodroffe, Ginsberg, & MacDonald, 1997).
Although some conservation work on African wild dogs has been conducted in Zambia,
not all areas are extensively studied. The Kafue ecosystem, which is comprised of the Kafue
National Park (KNP) and adjacent Game Management Areas (GMAs), is a large wilderness area
spanning across western Zambia. Research on predation on large mammals has shown that
African wild dogs are present throughout the KNP and act as the third most effective predator of
prey throughout the area (Mitchell, Shenton, & Uys, 1965). Furthermore, an overview of wild
dog status conducted in Zambia has shown there are still resident populations of wild dogs in the
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KNP (Woodroffe et al., 1997). Subsequent research by Carlson et al. (2004) reported on the
continued presence of wild dogs in the northern KNP. However, little to no work has been
conducted in southern Kafue. Therefore, it is important to study the southern KNP (SKNP) as
well as the surrounding GMAs to assess the population status of wild dogs in these understudied
portions of the Kafue ecosystem.
Subspecies and Coat Patterns
Genetic testing of African wild dogs from Western and Central Africa showed a unique
haplotype suggesting the existence of a subspecies distinct from the Southern and Eastern
African wild dogs (Woodroffe & Ginsberg, 1999). However, most genetic studies are conducted
on packs in Eastern and Southern Africa due to their relative abundance and accessibility in
comparison to Western African packs. Girman et al. (1993) originally believed the Eastern and
Southern wild dogs represented separate subspecies because they did not share any genotypes
between the two regions. Further studies on these two regions determined that gene flow occurs
and that there is a heavy admixture zone in Southern Africa, particularly Botswana , Zimbabwe,
and Southeastern Tanzania (Girman et al., 2001). Therefore, Eastern and Southern African wild
dogs are no longer considered separate subspecies (Girman et al., 2001).
The African wild dogs’ coat patterns are unique to each individual and can be used to
identify individuals (Woodroffe et al., 2004). Their coats consist of a variation of mottled colors
in white, yellow, orange, brown, and black. East African dogs are predominantly black with
small white and yellow patches while Southern African dogs exhibit a mixture of brown, black
and white (Kingdon et al., 2013). East African countries with expected extant wild dog
populations include Tanzania and possibly Kenya, Sudan, and Ethiopia. Southern African
countries include Botswana, Namibia, South Africa, Zambia, Zimbabwe and possibly
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Mozambique and Malawi (Woodroffe et al., 1997). Although phenotypically distinguishable,
genetic analysis had determined that the two coat variants were not distinct enough to be
considered subspecies (Girman et al. 2001).
Subsequently, Campana et al. (2016) sequenced the genomes of two dogs from distinct
ecological and geographical histories and discovered several genes in the wild dog’s genetic
makeup that affect pelage. This suggests that genetic markers may, in fact, affect phenotypic
expression. African wild dogs’ mottled coats may have evolved to serve as camouflage in their
habitats, much like zebras (Sheldon, 1992). The variation between the Eastern and Southern
forms may be due to the environmental differences that had evolutionarily selected for a coat
pattern more conducive to an open grassland habitat versus a dense forest habitat.
When analyzing the coat patterns, only the torsos are considered because all dogs have
similarly colored faces and tails regardless of genetic variation (Creel & Creel, 2002).
Observations of pups in a captive setting suggests they are born black and white and start
developing their permanent coat patterns around two months of age (“African Wild Dog”,
livingdesert.org). A wild dog’s coat does not change over its lifetime although an older dog will
have thinning fur and possibly become hairless. The left and right side color patterns are not
symmetrical (Creel & Creel, 2002).
Social Aggregation
African wild dogs are social animals and obligate cooperators (Courchamp &
MacDonald, 2001), but little is known about their social aggregation tendencies within a pack.
Previous studies have shown that same age and sex individuals tend to group together during
periods of rest, however is has not been determined whether these social groupings correlate to
the different roles assumed by different pack members (Frame et al., 1979). For example,
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individual wild dogs are known to engage in various “jobs” such as the nurse, babysitter, hunter,
or guard (Macdonald & Sillero-Ziburi, 2004). These positions may also correlate with their
grouping behavior at rest.
Hypotheses
African wild dogs are known for their unique coat patterns and strong social bonds within
a pack. Populations have declined significantly across their range. While Eastern and Southern
African dogs are still genetically distinct by some mesaures, genetic testing has shown
intermixing of packs from various ecological locations (Girman et al, 2001). Packs seen in the
southern Kafue ecosystem could consist of either subspecies or be a mixture of the two. Coat
patterns will assist in determining the chance that these packs can be distinguishable as one of
the two variations. Girman and Wayne (1997) had suggested there is great importance in
conserving the Eastern and Southern forms of African wild dogs, as genetic diversity is crucial to
an endangered species.
As there are two parts to this study, there are two hypotheses to be made: 1) packs with
darker, heavily black coats, representing the Eastern form, reside in the Northern areas of the
southern Kafue ecosystem, while packs with a more balanced mosaic of black, yellow, and
white, representing the Southern form, reside in the Southern sections of the southern Kafue
ecosystem. Packs in the center of this region may contain individuals of the same pack exhibiting
either form. Juveniles may also show both varieties, suggesting that the two forms have
intermixed. Packs that exhibit both forms will be phenotypically divided by sex, with adults of
the same sex showing the same form since wild dogs disperse in same-sex groups (Creel &
Creel, 2002). Studies have shown that males disperse more frequently and further than females
(MacDonald & Sillero-Zubiri, 2004, p. 66). Therefore, all the identifiable males in the pack
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should show the same form as the other males, and the females should resemble other females;
2) packs observed for social aggregation behavior will show tendencies consistent with previous
research (Frame et al., 1979), i.e. aggregation of same sex and age individuals will be most
evident in juveniles, while adults in packs with juveniles will be scattered. The physical position
of these adults in relation to one another and in relation to the pack will provide a possible clue
as to the role that individual takes within the pack.
Materials and Methods
Packs of wild dogs that were encountered opportunistically over a span of six years from
2007 to 2012 were given GPS coordinates corresponding to the exact location they were
photographed or videotaped. Sighting locations were plotted on Google maps to assess pack
location in relation to each other. This study began with a project to summarize sightings and
compile a photographic catalogue of individually identified wild dogs in the southern Kafue
ecosystem; products that are being submitted for publication separately from this project. The
identification process allowed for coat patterns to be scored and assessed. The individual IDs
assigned are also used to reference specific dogs in this study.
Study area
The study took place in Zambia’s southern Kafue ecosystem, which includes the
Southern Kafue National Park (SKNP) and adjoining game management areas (GMAs) (Figure
1). The packs in this study were documented using GPS coordinates and were sighted as far
north as 15o 01' 18.6"S, 025o 58' 14.4"E and as far south as 15o 21' 46.1"S, 026o 3' 50.7"E. A
tarmac road that bisects the KNP (approximate latitude 43o 58’S) unofficially distinguishes the
northern KNP from the SKNP ecosystem. The total study area is approximately 36,000 km2. The
habitat consists mainly of woodland and open grasslands (Mitchell et al., 1965). The two main
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water sources in the SKNP are the Kafue River and Lake Itezhi-Tezhi. The northern KNP
generally experiences higher amounts of rainfall than the SKNP, resulting in taller grasslands
and grassy dambos. The SKNP is considered more “patchy” with game dispersed and clustered
in protected areas. The climate is considered tropical or sub-tropical, experiencing two seasons
throughout the year: dry season and rainy season (Mkanda & Chansa, 2011). There is a large
variety of game spread throughout KNP and competing predators to the African wild dog include
lions, hyenas, leopards (Panthera pardus), and cheetahs (Acinonyx jubatus) (Darnell et al., 2014;
Mitchell et al., 1965).
Identification Study
The study began with an identification process to create an ID Catalogue of all the dogs
sighted in the southern Kafue ecosystem. The database was compiled and provided by Dr. Paula
White and covered a six year span, 2007-2012 (Table 1).
Image Capture. African wild dogs were photographed and video-recorded
opportunistically by Dr. Paula White (Center for Tropical Research, Institute of the Environment
and Sustainability, UCLA) while conducting research on African lions in the southern Kafue
ecosystem. The lion research included driving surveys and audio playback of prey distress calls
to attract lions. Broadcast prey distress calls sometimes attracted other carnivores, including
African wild dogs.
Pre-recorded vocalizations of prey in distress (buffalo calf or wild pig) were transmitted
from an iPod connected with speaker jack to a handheld megaphone loudspeaker. Playbacks
were audible up to a distance of 1.5 km from the sound source depending on the wind patterns.
Photographic images and videos were captured using a Nikon 35mm digital camera and digital
video-camcorder. Additional photographs were obtained from safari camp personnel operating in
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the region. These additional photographs were received as digital images and, thus, details of the
equipment used for photo capture were not available.
Photographs in this inventory document all African wild dogs encountered in the study
area from 2007 to 2012. Because lion research and safari camps operated seasonally (MayDecember), the majority of photographs were obtained during those months. Dates on which
dogs were photographed are not necessarily representative of seasonality in occurrence of
African wild dogs in the southern Kafue ecosystem. Similarly, the majority of photographs were
taken during daylight hours, which most likely reflects the timing of lion surveys and safari
operations, rather than activity patterns of African wild dogs.
Sighting locations were recorded via GPS coordinates (latitude and longitude) and
subsequently identified to area, i.e. Kafue National Park or specific Game Management Area.
For ease of referencing, packs were assigned a colloquial name corresponding to a prominent
natural or anthropogenic feature, (e.g. name of a camp) close to where the sighting occurred. It
should be noted that African wild dogs that responded to distress calls could have arrived from
any direction up to a distance of approximately 1.5 km. GPS locations of sightings and credits
for all photographs and video footage are given in Table 1. Although Zambia experiences both
rainy and dry seasons, this seasonality was not considered as a factor in data collection and is,
therefore, not included in Table 1.
Coding of photographs and video and identification of individual African wild dogs.
For each encounter, the set of available photographs was analyzed to identify the number of total
dogs present during the event and to create an identification number for each individual dog.
Photographs were viewed using Apple Preview Version 8.1 and scoring was inputted into
Microsoft Excel for Mac 2011.
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Visible genitalia in photographs and sexually related behaviors (e.g., raised-leg urination)
in video footage allowed positive sex determination of some individuals. In some events, nursing
females could be identified by the presence of distended nipples; some dogs were identifiable as
juveniles based on their size. All other identifying parameters were scored using a rubric
focusing on the visible scars, ear nicks, the shape and extent of the black line running down the
center of the face, the percentage of white on the body and upper fore legs, and the ratio of black
to white on the tail. The face was divided visually into left and right sides and thereafter analyzed
in sections: (A-B) crown of the head/base of ears to above the brow of the eye, and (C-D) from
the eyes down the muzzle to the nose (Fig. 2). Likewise, the body was visually divided into four
parts as follows: (A) base of neck and anterior edge of shoulder to posterior edge of shoulder, (B)
posterior edge of shoulder to mid-torso, (C) mid-torso to anterior edge hind leg, and (D) anterior
edge hind leg to base of tail (Fig. 3). The relative amounts of white and black present were
estimated in relation to the other colors in that section (e.g., tail 50% black) taking into account
photographic angle (Fig. 3).
A composite of all parameters including color scoring was used to identify individuals
within a pack. For each individual dog, the best photograph(s) were used to create an
identification catalogue. Individuals were given an ID code containing the following
information: the location the dog or pack was first encountered, a pack number indicating the
order the packs were encountered in that location, the individual’s gender, and a unique number
for each individual within the pack. For example, the ID code “P1F1” denotes ‘P’ for the
location ‘Puku Pan’, ‘1’ for the first pack sighted in that area in chronological order, ‘F’ for
‘female’, and ‘1’ for the first animal identified in that pack. Only dogs that had distinguishable
photos from both sides of the body and a face photo were considered fully identifiable and given
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an ID code. An individual identified in the location Puku Pan, such as the aforementioned
“P1F1” may reappear in a new location such as Nkala. However, this individual will keep its ID
code although its pack mates may have a different location ID if they were first seen in Nkala.
Comparison of individual dogs between sightings. Each identified individual was
compared throughout all files in efforts to confirm re-sightings. One image of a focal individual
was compared with every other photograph and video file to assess a possible re-sighting. Only
after all files were examined, the next focal individual was subjected to the same comparison.
The most effective order was to examine all data taken at the same location first. Then data from
the closest location to that individual’s initial sighting were compared in chronological order. For
example, an individual located at Cooke’s camp was first compared to all photographs and video
footage taken at Cooke’s camp, and then compared to data taken from Nkala, which is the next
closest location to Cooke’s. Then all other files and videos were compared (see Figure 1 for
location of all sightings).
Pattern Indexing of individuals
The Kafue ecosystem is located in south-central Africa and could, therefore,
hypothetically be occupied by either one or both the Eastern or Southern genetic variations of
African wild dog. This study analyzed coat patterns of wild dogs to determine if the packs seen
were indicative of an Eastern or a Southern form. Although it is argued that these two subspecies
of African wild dogs no longer exist, this study aimed to determine if coat patterns could
potentially be used to detect subspecies differentiation. Packs seen in the northern-most section
of this study were hypothesized as most likely to show the Eastern coat pattern while packs seen
in the south would show the Southern coat pattern. This analysis required creating a unique
Pattern Index (PI) for each color to score each individual’s coat pattern.
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When classifying coat patterns, the three colors that were scored were white, black, and
yellow/orange. Only the torso of the African wild dog was scored from the base of the neck to
the base of the tail. The torso was divided into four sections labeled A, B, C, and D. Each of
these sections was given a score between zero and four corresponding to the percentage of color
within that section being analyzed (Fig. 3). For example, when first analyzing the amount of
white, a dog whose section A scored zero, had zero percentage of white in that section. Section B
of the same dog could score a two, suggesting 26-50% coverage in white. All four sections were
averaged to provide the overall score of that particular color for that individual. Only individuals
with clearly visible photos displaying all four sections were considered in this study. Although
their coats are not bilaterally symmetrical, each dog observable was only scored for one side. A
comparison of average percentages between left and right sides of those dogs that had both sides
visible (n = 9) suggested that the average percentages were nearly the same (Appendix II). A
Pearson correlation test was conducted for significance between percentages of white on both
sides of the body (r = 0.95, t = 8.03 and p = 0.0001). The correlation is significant and thus
allowed the omission of one side of the body to allow a larger sample size.
Spatial distribution of African wild dogs in the southern Kafue ecosystem
GPS locations were mapped using Google maps with a star indicating each sighting.
Plotted stars were not connected together for resighted packs, as the exact trajectory of the pack’s
movement cannot be confirmed (Figure 1).
Social Aggregation within a pack
Individuals within a pack distribute in varying distances from one another at different
times and are not always consistent. For example, a pack at rest might distribute further in a
given space than while moving. A pack was only included in this study if the total number of
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dogs visible in the photo was no more than three individuals less than the total pack number. For
example, a pack with 17 individuals was only used when at least 14 of their members were
visible. This allowed more uniformity in the data as pack sizes can vary significantly. A
minimum number of six individuals were also required to be included. Therefore, a pack of six
adults needed all six animals visible in order to be used in the analysis. Packs consisting of fewer
than six individuals did not show much distribution between individuals, which did not allow
analysis of distinct groupings within a pack. A grouping consisted of any number of individuals
from one or more that was separated by at least half a body size distance from the next grouping.
For each analyzed pack, the furthest distance between the left most grouping and the right most
grouping was measured. The distances between each grouping was also measured and averaged
per pack. Individuals that could be identified based on their unique ID code were noted to
determine possible tendencies in location within the pack. For example, if the same individual
was always detected on the periphery, that tendency was noted. Photos that required 3D
measurements were not used in numerical data measurements.
AWD as a unit of measurement. The photos were measured using a physical ruler in
centimeters against the screen to measure distances between groupings and individuals. Images
where 3D, vertical measurements were needed were not used in the numerical data set since the
3D nature could lead to errors in calculations. However, these photos were still used to notate
relevant tendencies in distribution of specific individuals. Each photo used a clear image of an
individual’s entire body as the control for measurement when converting centimeters to AWD
units. After measuring the distances between groupings, the number of centimeters measured
was also converted into AWD units based on the control individual’s size. “AWD” is used here
as an unit of measurement and not an abbreviation of the species. AWD was chosen as an unit
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because it represents the length of one adult African wild dog’s body size. Body size is fairly
consistent among adult dogs and can be used to compare various packs and photos taken at
different distances. For example, in one photo, one AWD measured as 1.7cm and served as the
control measurement for conversion. The average distance between groupings for that photo was
8.9cm. Centimeters were then converted to AWD units to interpret the distance as the number of
dog body lengths separating each grouping. Thus, 8.9cm with 1.7cm representing 1 AWD
converts to 5.24 AWDs average distance between groupings in that photograph. The largest pack
photographed occupied a space of 10.15 AWDs and consisted of 14 individuals. The largest
amount of space occupied was by a pack of just six adults that were distributed across a distance
of 53.67 AWDs. This was necessary to provide uniformity for all the photos that were taken at
different distances. It allowed measurements to be compared since each photo had its own
control AWD measurement. Therefore, a photo with an AWD of 1.2cm and a photo of an AWD
of 0.3cm could still be compared.
Data analysis
Data analysis, including most of the statistical test and creation of charts, was conducted
using Microsoft Excel for Mac 2011. Vssarstats.net, a free online statistical computational
platform that uses manual input of data, was also used. Statistical results calculated in excel
were compared with results in vassarstats.net to ensure uniformity and accuracy.
Results
Pattern Index
The average color score for individual dogs indicated a stark contrast between the amount
of black present and the amount of yellow present on the same individual; few individuals
showed relatively equal proportions of each color (Figure 4). Yellow and black coloration

African Wild Dog Coloration and Social Aggregation

16

showed significant inverse correlation (Pearson’s test r = -0.68, t = -5.25, p = 0.00001). Those
with high scores of black had very low scores of yellow. The amount of white was not dependent
on either black or yellow but was found to vary between packs. A significant negative correlation
was also found between the amount of white coloration and the amount of yellow in an
individual’s coat pattern (Pearson’s test r = -0.48, t = -3.1, p = 0.004). There was no significance
in the correlation between the amount of white and black coloration in individual dogs
(Pearson’s test r = -0.09, t = -0.51, p = 0.61). Plotted black and yellow PI scores as driving
variables were used to assign individuals as representing the Eastern, Southern, or an
intermediate phenotype (Fig. 5, Fig. 6).
Packs sighted towards the central portion this study consisted of packs with individuals
showing both Eastern and Southern coat variations. An individual from these packs could
represent either variation of predominantly black (Eastern form, Fig. 7) or mottled equality of
colors (Southern form, Fig. 8). One of these centrally located packs that showed both coat
variations included juveniles in the year following its initial sighting. These juveniles (indicated
with a J in their ID code in Figure 4) also showed either or neither coat variation. Individuals
could also show neither variation and be predominantly white or yellow, referred to as an
intermediate form (Fig. 9). The northern-most packs in the data exhibited the intermediate form
amongst all the individuals available for the study. The Eastern form was found towards the
southern half of the region while the Southern form was found both in the northern and southern
half of the study area (Fig. 10).
Social Aggregation
The average number of social groupings spotted was four with an average of nine
individuals within a pack. Tendencies in grouping behavior were measured by comparing the
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different packs to one another. The average distance in AWD measurement between the
groupings was 3 AWDs. The average between the left-most grouping in the photo to the rightmost grouping, or the individuals furthest from one another, was 10 AWDs and the average
between the groupings closest to one another was 5 AWDs. Grouping distances were negatively
correlated with the total number of groupings, i.e. the higher the number of groupings, the
shorter the distance between groupings. However, correlation of group distance to the number of
individuals had mixed results (Fig. 11, Appendix I). The total number of individuals in a pack
was not significantly correlated with the total number of groupings (Pearson’s test r = 0.5, t =
1.92, p = 0.08).
The distances in AWD units of the groupings plotted against the total number of
groupings is shown in Fig. 12. There was no correlation for either distance between closest
groupings, average distances, or distance between furthest groupings. Pearson’s correlation test
also shows no significance between these variables (Table 2). There was also no correlation
between the total number of individuals and the distances between groupings as shown in Fig. 13
and Table 3. An example of two packs measured for social aggregation and the necessity for
conversion to AWD units is shown in Fig. 14, while Fig. 15 exemplifies an image immeasurable.
Discussion
Coat Patterns
Results from this study suggest there are distinguishable coat patterns among the various
packs of African wild dogs in the southern Kafue ecosystem. However, the packs’ locations did
not always support the hypothesis, as each form was not always represented in the predicted
areas. The two packs showing the Southern form were found to occur in the northern area and in
the southern area of the study region. The Eastern form was seen in the southern area of the

African Wild Dog Coloration and Social Aggregation

18

study region, which is the inverse of the hypothesis. Packs that contained individuals exhibiting
both forms were in the central-southern area of the study region, which is consistent with the
hypothesis. The two packs that showed the intermediate form occurred in the northern-most
sighting locations. The packs showing both forms and the packs of intermediate form suggest
that intermixing of the two forms does occur in the southern Kafue ecosystem. This may explain
the presence and absence of either phenotypic variation also seen in the juveniles of those packs
(Table 4). The intermediate forms may represent intermixing of the two forms in previous
generations, while the packs seen in the center showing both forms could indicate first
generation contact of the Eastern and Southern forms.
Campana et al.’s (2016) study showed that specific genes control African wild dog coat
patterns. Therefore, the phenotypic presence of the Eastern form in the southern Kafue
ecosystem suggests that there may still be packs genetically distinct from the intermixed and
Southern forms. The existence of the Eastern form is potentially an important discovery as it
suggests high genetic diversity of African wild dogs in the southern Kafue ecosystem (Girman &
Wayne, 1997). Studies of hybridization of Kinda baboons (Papio kindae) and grayfoot chacma
baboons (P. ursinus griseipes) in Kafue, Zambia showed genetic mixing of the two subspecies
yet phenotypic distinction (Jolly et al., 2011). Similarly, it is possible that some African wild
dogs in the southern Kafue ecosystem are, in fact, genetically mixed with both the Eastern and
Southern form but are expressing only one phenotype. This is particularly true for the juveniles
that show a variation although the adults show only one, both, or neither. Phenotypic expression
could possibly be biased to the phenotype of the breeding male. For example, this dataset scored
the coats of four juveniles of the same pack; three of which showed the Eastern form and one
showed the Southern form. The adult males of the same pack all showed the Eastern form, which
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is consistent with the hypothesis that same sex adults would show the same variation since they
disperse from the same natal group together (Creel & Creel, 2002). Therefore, it is possible that
juveniles’ coats are phenotypically representative of the breeding male, while containing cryptic
genetic diversity. The genetic basis for the intermediate coat coloration patterns found in this
study is at present unknown.
Social Aggregation
Frame et al.’s (1979) study found that juveniles of the same sex tended to rest and stay
together while the adults either stayed together or occasionally joined one of the groupings of
same sex juveniles. Similarly in this study, one pack (Nkala/Cookes) had five juveniles in the
pack consisting of four males and one female. Male juveniles were found to aggregate more
frequently whereas the single female juvenile was often separate from the other juveniles or did
not aggregate at all. Groupings on the outskirts of the pack(s) were always adults. They could be
either female or male, but juveniles always stayed towards the center. Adult individuals that stay
on the outskirts of the pack are serving a role as “guards” (MacDonald & Sillero-Ziburi, 2004).
In photos that showed multiple dogs moving in the same direction, the breeding female was seen
leading the pack while the individual in the rear of the pack was always an adult. It is most likely
that the breeding female (determined by noticeable pregnancy or lactation) that is seen leading
the pack is the alpha female, consistent with typical African wild dog behavior (Creel & Creel,
2002).
As predicted, the larger the pack, the further the distance between the farthest individuals
in a given space. The distance between each grouping, however, decreases as the total number of
individuals in the pack increases. However, there are a few instances where a small pack
occupied a large amount of space and had a relatively large distance between social groupings
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comparatively to the other small packs that did not show wide distribution (see Figure 7 for
unusual spike in the data). The packs without juveniles distributed further than same-sized packs
with juveniles. Since juveniles aggregate (Frame et al., 1979), this could cause the closer
distribution between groupings compared to a pack without juveniles. Therefore, the data does
suggest the correlation between distribution distance and pack size but cannot be fully tested
because of the small sample size. Each pack also had a limited number of photos that met the
criteria required for inclusion in the data analysis.
Image issues
The biggest issue was the presence of blurry images and videos that made individual
identification difficult. Photos that were blurry and videos of individuals at distances too great to
fully distinguish markings were still given an ID code. Therefore, even if the individual in the
blurry video appeared similar to a previously identified individual, it was still given a new code
in order to avoid falsely establishing a re-sighting. Stills of the videos also appear blurrier than
the actual video quality and therefore do not accurately depict the clarity of the individual’s
markings. Opportunistic sightings also make it difficult to retrieve images of each side and face
of the individuals; thus leaving many individuals with certain sides unavailable for analyses.
Future Studies
Opportunistic data collection, as occurred in this study, is effective when identifying
African wild dog individuals because individual coat patterns do not change over a dog’s
lifetime. Ideally, however, a standardized photographing protocol should be utilized to obtain
full IDs (face, left and right side of body) of each individual. This would allow increased
tracking of individuals and packs, particularly during dispersal of sub-adults to assess Southern
and Eastern genetic contact zones. Furthermore, genetic testing of adults and juveniles in a pack
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displaying both phenotypic variations may help determine which genes influence phenotypic
expression.
A larger survey of variability in coat coloration patterns within and between packs of
African wild dogs from other regions would be of interest to see if similar “intermediate”
patterns exist elsewhere than the southern Kafue. Phenotypic analyses from well-studied areas
already considered mixture zones, such as Botswana, could be used to assess whether packs
currently residing in these mixture zones are also showing an intermediate form. West African
countries would be of high interest for phenotypic comparison due to the geographic isolation of
these countries and the presumption that West African wild dogs do not share any contact zones
with the Southern and Eastern forms. Mapping the geographic distribution of coloration, in
conjunction with genetic studies, may assist in identifying additional contact zones and
informing conservation efforts that seek to maintain or restore habitat connectivity for the
species.
In order to determine if the results on social aggregation patterns are accurate, the same
pack would have to be observed over a longer period of time. Also, photographs or video footage
would need to capture focal individuals and groups in order to note aggregation tendencies and
whether or not distribution was consistent among individuals. Packs with juveniles would ideally
be followed for several years to document distribution changes following adolescence and
dispersal from the pack.
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Figure 1. Map of the study area adapted from Google Maps. Stars represent areas where packs or
individuals were sighted. The M9 (shown) is the tarmac road that bisects the northern KNP from
the southern KNP.
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Figure 2. African wild dog face segmentation example for identification purposes. The face was
split into four sections and then identified if the yellow on the forehead runs down the nose.
Photo above shows an example of a dog used in this study.

Figure 3. African wild dog body segmentation example for identification purposes. Coding
legend and example provided for determining Pattern Index for white coloration. Segments
A,B,C, and D are coded using the legend to determine the percentage of white found in each
segment. The legend shows number 0 through 5 covering a range of percentages in coloration.
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Figure 4. Pattern Index comparison between white, black, and yellow coloration. There is a
representation of dogs that show a darker coat pattern and dogs that show a lighter coat pattern.
The amount of yellow is inversely correlated with the amount of black. Data was presented by
least amount of white as the driving variable for the graph; yellow and black coloration was not
chosen. Each ID begins with its location (see Table 4 for color coding of IDs by pack location in
the southern Kafue ecosystem).

Figure 5. Pattern Index comparison driven by black coloration. Individuals are grouped by
proposed genetic form; Southern form underlined in purple and Eastern form boxed in orange.
The Eastern form is dominantly black with little white and yellow while the Southern form
shows close PI scores for black and yellow or relatively equal scores for all three colors.
Individuals whose patterns do not suggest a specific form are neither underlined nor boxed.
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Figure 6. Pattern Index driven by yellow coloration. Graph driven by yellow coloration would
also allow grouping of individuals by Eastern or Southern form.

Figure 7. Example of the Eastern phenotype (individual C1M4)
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Figure 8. Example of the Southern phenotype (individual Nk2F5)

Figure 9. Example of the intermediate phenotype (individual P1U4)
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Figure 10. Map of GPS location of sighted packs analyzed for the pattern index. Packs are color
coded by phenotypic variation. Black pins represent packs exhibiting the Eastern form, grey pins
represent packs exhibiting the Southern form, blue pins represent packs exhibiting both forms,
and orange pins represent packs exhibiting the intermediate form.
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Figure 11. Number of social groupings within a pack vs. total number of individuals. This graph
displays a staggered positive correlation between the two variables. However, Pearson’s
correlation test shows p = 0.08 and is not significant.
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Figure 12. Comparison of distances between groupings and total number of social groupings.
Results indicate no significance between the two variables. The total number of groupings does
not affect the distances at which they group. One pack showed large distribution although having
a small pack size and is indicated by the spike in the center of the graph.
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Figure 13. Data suggests that the number of individuals does not affect the relative distance
between groupings and individuals within a pack as measured by AWD body size. The spike in
the center of the graph shows the pack with a small size distributing at the furthest distances.
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Figure 14. The photo above shows one pack’s distribution in an image closer in distance than the
photo directly below it. To compare the two packs, centimeters were converted to AWD units to
uniformly compare distances between individuals at various lengths distances from the camera.
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Figure 15. Example of photo omitted from study due to requirement of 3D measurement

Table 1. African Wild Dog Sightings. List of all data files collected during the six year period
showing location in GPS coordinates, date, and locations used to assign ID codes.
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Pearson’s
Correlation Test

Avg. Distances
Distance btwn
between groupings closest groupings
vs. #groupings
vs. #groupings

Distance btwn
furthest groupings
vs. #groupings

r

-0.004

0.06

0.26

t

-0.013

0.199

0.893

p (two tailed)

0.99

0.85

0.39

Table 2. Pearson’s Correlation test results for variables shown in Figure 6 (distances between
groupings measured against total number of groupings). Results show no correlation between the
variables.
Pearson’s
Correlation Test

Avg. Distances
Distance btwn
between groupings closest groupings
vs. #individuals
vs. #individuals

Distance btwn
furthest groupings
vs. #individuals

r

-0.33

-0.30

-0.21

t

-1.16

-1.04

-0.71

p (two tailed)

0.27

0.32

0.49

Table 3. Pearson’s Correlation test results for variables shown in Figure 7 (distances between
groupings measured against total number of individuals). Results show no correlation between
the variables.
ID

P1F6
Nm1M7
P1M1
C1MJ2
Nm1F4
C1FJ1
C1M3
Nz1M1
P1U4
Nk2U4
Nk2M2
Nm1M5
Nm1M6

A

0
0
0
0
0
0
0
0
0
0
0
0
0

B

0
0
0
0
0
0
0
0
1
1
1
1
1

C

D

0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
1
0
0
0
0
0

PI
A B C D PI
A B C D PI
WHITE
BLACK
YELLOW
AVG
AVG
AVG
0 1 1 1 1
1 4 4 4 4
4
0 2 1 1 2
1.5 1 3 3 1
2
0 2 3 1 1
1.75 2 2 3 4
2.75
0 1 2 3 2
2 4 2 1 2
2.25
0 4 1 2 2
2.25 1 3 3 3
2.5
0 3 3 4 4
3.5 1 1 1 1
1
0 4 2 4 4
3.5 1 2 1 1
1.25
0.25 1 1 1 1
1 1 3 3 2
2.25
0.25 1 1 1 1
1 2 4 2 4
3
0.25 1 1 1 1
1 4 4 4 4
4
0.25 2 1 1 1
1.25 2 2 3 2
2.25
0.25 2 1 1 1
1.25 2 4 4 4
3.5
0.25 3 2 2 1
2 1 2 3 3
2.25
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Nk1M2
1 0 0 0
0.25 3 3 3 3
3 1 1 1 1
1
Nk1M4
0 1 0 0
0.25 3 3 3 3
3 1 1 1 1
1
C1MJ6
0 1 0 0
0.25 4 3 3 3
3.25 1 1 2 2
1.5
Nk1M1
0 1 0 0
0.25 4 4 3 3
3.5 2 1 1 1
1.25
K1M1
1 0 0 1
0.5 1 2 1 1
1.25 2 2 4 2
2.5
C1F8
0 1 0 1
0.5 1 1 2 2
1.5 2 4 2 1
2.25
Nk2M1
1 1 0 0
0.5 2 2 2 2
2 1 1 1 1
1
L1U7
1 1 0 0
0.5 4 2 3 3
3 1 1 1 1
1
Nk1M3
0 1 1 0
0.5 3 3 3 3
3 1 1 1 1
1
Nk2M3
1 1 0 0
0.5 3 3 3 3
3 1 1 1 1
1
C1M4
1 0 1 0
0.5 4 4 3 4
3.75 0 1 1 1
0.75
Nk1M5
1 1 1 0
0.75 1 1 1 1
1 2 3 3 3
2.75
L1U4
1 1 1 1
1 1 1 1 1
1 1 1 1 2
1.25
C1MJ9
1 1 1 1
1 3 2 2 2
2.25 1 1 1 1
1
Nz3UJ2 1 1 1 1
1 3 3 3 2
2.75 1 1 1 1
1
C1MJ7
1 1 1 1
1 3 3 4 3
3.25 1 1 1 1
1
Nk2F5
3 1 1 1
1.5 1 1 1 1
1 1 2 1 1
1.25
Nk3U6
1 1 3 1
1.5 1 1 3 2
1.75 1 2 1 1
1.25
C1M11
1 3 1 1
1.5 2 1 3 3
2.25 1 1 1 1
1
C1F10
1 3 1 1
1.5 2 1 4 3
2.5 1 1 1 1
1
Nk3U5
2 3 1 1
1.75 1 1 2 3
1.75 1 1 1 0
0.75
Table 4. Pattern Index table showing averages for each coloration (white, yellow, and black). IDs
in red were sighted in the northern-most areas of the southern Kafue study region, IDs in blue
were sighted in the southern-most areas of the region and IDs in black were sighted in center of
the study region.

Appendix I. Data of Social Aggregation showing grouping behavior, distances, and notable
patterns.
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Appendix II. Individuals with both sides of body clearly visible scored with the Pattern Index
for white.

